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The Frontiers of the Field

A ¢KS Wo TNRBYUASNEQ

major thrusts of high energy

physics:

i WOYSNHEQY Ay Of dzRS &
hadroncollider detectors

i WLYGSyaaAdeQy ySdziNR
decay experiments '

i W 2aYA0QY RENJ] YU G N ...l
energy e

Origin of Universe
Unification of Forces

New Physics

Beyond the Standard Mode!

A In each area, the physics is
advancing rapidly. Itis crucial
that the detector technology
keep pace.

A Fermilab is making major
contributions in each of these
frontier areas




Why Fermilab?

A Detector R&D at Fermilab should be geared towards our strengths as a national
lab.c @ LIAOFfft & OUKAA YSIya GKFEG GKS f1 06Qa
These can be

Presence of unique facilities

Experienced, well established engineering groups

Managing projects that are too large for an individual university
Projects that require a large initial investment

A In almost all cases there is a high degree of collaboration with the university
community or other (inter)national labs.

CALICE at the test beam
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Liquid Argon purity Demonstrator




As examples of detector R&D questions,
Why dondot weé. ?

A Make silicon sensors in 3 dimensions instead of 2
A Read out detectors with light instead of cables
A Makehadroniccalorimeters out of crystals
A Smash the 10psecbarrier in timeof-flight .
A Fill liquid Argon tanks without evacuating them 4\ ‘ _
A Fr(?eze Xenon into a solld,crys:[al, |AnsteadvofAusm,g I|qU|d(1v5 psecresolution
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. 3 - Dimensional Silicon

Thedevelopment of 3D integrated circuits has recently received much
attention in tradejournals, speciaessions have been arrangavarious
IEEE meetings, and dedicated meetings sudiaarchitectures for
Semiconductor Integration and Packaghaye taken place.
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Law. Irparticular,industry is focusing on several 3D IC applications:
Astackedmemorychips
Apixelarrays forimaging
Alogicand memory stacking omicroprocessors anBPGAs.

The3D technology is being driven entirely by industry. However, the time
has come when HEP can begin to benefit from wwogkogress.

Fermilab began exploring 3D technology for HEP several years ago and
submitted the first 3D IC (VIP1) for HEP to MIT Lincoln Labs in October 20
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3D = Vertical Integration

A Vertical integration of thinned and bonded silicon
tiers with vertical interconnects between the IC
layers

Conventional MAPS 3-D Pixel
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Milestones Achieved in First HEP
3D Circult called VIP1

A Demonstrated increased

: 3D vias
—— A =
circuit density by s o 4./’;*/8 ,
integrating 3 circuit tiers - B "1 A
A Showed that extreme iy Lo
circuit thinning (7um) was — |
possible e wm Y] | 78m
A Showed that smallias = = [INE
(~1.5 um) were possible — L Face to-face band |
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bonding were reliable

MIT LL 3 Tier Assembly



II. The CAPTAN DAQ system

¢ The CAPTAN DAQ system has been developed by the DIG (Detector

1)Vertical standard bus

2)A set of core boards:

Ficiou Lok

& NPCBi Node Processing
8 and Control Board

DCB 1 Data
8f Conversion Board

3)Horizontal connectivity

a Gigabit Ethernet Link -
s Interface Boards ~

a Level Translator
a USB

¢ The software is a multithreaded application running on windows




Test Beam Pixel Telescope Overview

TELESCOPE BOX CAPTAN STACK POWER SUPPLY DUT SENSOR BIAS
A v
SCINTILLATOR ROUTER

A great example of the synergy between detector development,
C S NJXY AJuhiduéfaxiities (test beam, in this case) and the User
community, which now benefits from this added capability.



